INTRODUCTION
As described in ''The emerging epidemic of cardiovascular disease'' (this supplement), cardiovascular diseases were identified as leading causes of morbidity and mortality in Northern Sweden during the 1970s and early 1980s. In Vä sterbotten county, cardiovascular risk factors were suggested to be targets for intense intervention programmes. Since then, development has been mostly favourable with declining mortality from both ischaemic heart disease and stroke. In this concluding chapter, we will discuss secular trends in cardiovascular disease in Northern Sweden and their implications for cardiovascular disease prevention and treatment following the model described in Figure 1 . We shall start with mortality trends, then discuss the processes leading to this end-point. Finally, we suggest prospects for future research, some of which can be addressed within the empirical structure provided by the MONICA study base.
CARDIOVASCULAR MORTALITY IS DECLINING IS NORTHERN SWEDEN
Mortality from cardiovascular disease has been declining in Northern Sweden throughout the years 1986 -99 covered by the MONICA monitoring. This concerns both coronary heart disease (CHD) and stroke, both sexes and all age groups recorded (CHD 25 -64 years, stroke 25 -74 years). The downward trend has been particularly strong for CHD in men, in whom the mortality decline was the fastest among all the 37 MONICA populations (1) . The risk for a middle-aged man of dying from an acute myocardial infarction (AMI) was reduced by more than half over a 10-year period, an improvement unprecedented among common non-communicable diseases. As cardiovascular disease is the dominating cause of death in Sweden, this decline has contributed considerably to the relatively fast increase in life expectancy in recent years, being more pronounced in men than in women (2) . 
WHAT IS DRIVING THE MORTALITY DECLINE: CHANGES IN INCIDENCE OR CASE FATALITY?
The decline in mortality could be attributed to a lowered incidence and/or reduced case fatality. There has been a clear discrepancy between the two manifestations of cardiovascular disease, CHD and stroke. For CHD, there has been a decline in incidence rates in both men and women, whereas no major changes in stroke incidence have occurred in either sex during the 10-year period. Added to a reduction in CHD incidence, there has also been a marked reduction in case fatality among men. The combined effect has been a very rapid decline in CHD mortality.
As shown in ''Trends in event rates of first and recurrent, fatal and non-fatal acute myocardial infarction, and 28-day case fatality in the Northern Sweden MONICA-area 1985 -1998'' (this supplement), both short-term and long-term survival has improved in men who have suffered a myocardial infarction and the reduction affects both first and recurrent events. This indicates that improvements in acute management of myocardial infarction as well as secondary prevention (lifestyle and pharmacological interventions) have had an important effect not only for the individual but also at the population level. The improved early survival could perhaps also reflect a secular trend towards less extensive myocardial infarctions, a possibility supported by data from one of the other MONICA centres (3). If so, this could be regarded as a bonus of primary prevention against cardiovascular disease. It should be noted that the diagnostic criteria for acute myocardial infarction were kept the same throughout the 10 years of monitoring.
In women with myocardial infarction, neither the acute nor the long-term case fatality declined. Thus, acute interventions and secondary prevention have not benefited women nearly as much as men, at least not at the population level. The reasons for this are not fully elucidated, but the MONICA data suggest that greater co-morbidity (such as diabetes) and higher prevalence of smoking in women may contribute. It may also be that interventions that have proved to be effective also in women in randomized controlled trials are less effective in routine clinical practice because of less strict adherence to indications and contraindications, and poor compliance.
The decline of stroke mortality in Northern Sweden is, in both men and women, entirely ascribed to reduced short-term and long-term case fatality. That case fatality trends have been more important than incidence trends to determine stroke mortality trends has been observed in most of the MONICA populations, regardless of declining or increasing mortality rates (4) . Since the 1980s, there have been no major breakthroughs in the medical or surgical treatment of acute stroke. Instead, the organization of stroke services in Northern Sweden has improved markedly by the introduction of stroke units. Such facilities have a well-documented effect on survival.
DO RISK FACTOR TRENDS EXPLAIN TRENDS IN INCIDENCE RATES?
The trends in conventional risk factors for cardiovascular disease in Northern Sweden since 1986 are summarized in Table I . In most aspects, these trends are typical of a West European population. The rapid reduction in the population levels of serum cholesterol in Northern Sweden should have contributed to the decline in CHD incidence rates. If the often quoted assumption that a 1% decline in total cholesterol corresponds to a 2% decline in the risk for coronary events (5) holds true, the 0.53 mmol/L reduction in serum cholesterol that was observed in both men and women during the years 1985 -99 would correspond to a 17% reduction in AMI incidence. The increase in HDL cholesterol may also have contributed to the declining coronary event rates. As there is a delay from change of risk factors to change in event rates, the ongoing decline in cholesterol levels in most Western populations (6) would be expected to result in further reductions of the risk of CHD.
Smoking rates are low among men in Northern Sweden, among the lowest of all MONICA populations, and they are still declining. In women, smoking rates are higher and they show a definite decline only in women with the highest level of education. The marked sex difference in smoking habits may contribute to the difference in CHD incidence trends, the decline being much faster in men than in women. Blood pressure levels were more or less unchanged in both sexes during the observation period. Since hypertension is by far the most important of amenable causes of stroke, the constant blood pressure levels in Northern Sweden are well in agreement with unchanged stroke incidence rates. It seems that favourable population trends in other cardiovascular risk factors are not sufficient to have a major impact on stroke incidence rates, as long as the overriding risk factor, hypertension, is not adequately prevented, detected and treated.
Any attempt to reduce the blood pressure level in the population has to compete with the rapidly increasing body mass index in Sweden, as in other Western countries (6) , that would tend to drive blood pressure levels upwards. It is noteworthy that increasing body mass index is not associated with an increasing prevalence of type 2 diabetes (''Diabetes and obesity'', this supplement). It seems that there are positive factors in the population that effectively counterbalance the detrimental effects of increasing body weight on the risk for elevated blood pressure and diabetes. One such factor may be the higher level of education in AMI-and stroke-prone age groups. The lower risk of cardiovascular disease in subjects with a high level of education is partly mediated by a social patterning of risk factor burden. We and others have, however, shown that the lower risk for AMI and stroke in welleducated people is partly independent of their favourable risk factor profile (7, 8) .
RISK FACTOR TRENDS REFLECT CHANGES IN FOOD AND TOBACCO CONSUMPTION PATTERNS
Data collection in the Northern Sweden MONICA Project has focused on monitoring trends in conventional cardiovascular risk factors and event rates. Only limited information on earlier processes leading to risk factor changes is available and, therefore, the discussion on these early steps (see Figure 1 ) will be more speculative.
It is reasonable to conclude that a major driving force for risk factor trends is changes in food consumption patterns. During the observation period, leisure-time physical activity was essentially unchanged (''Trends in lifestyle'', this supplement). Results from the early years of the MONICA monitoring showed that the increase in body weight and the decline in population levels of serum cholesterol accompanied a change from traditional Swedish food to a more Mediterranean-type of food consumption pattern (9) . Saturated fats were replaced by unsaturated fats, potatoes were to a large extent replaced by pasta, and the consumption of fruits and vegetables increased. However, the social patterning of food intake was marked (''Trends in lifestyle'', this supplement) and this is reflected in persisting gradients in serum cholesterol levels and body mass index by level of education (ibid.).
Smoking habits also follow a social pattern. A distinct feature in Sweden is that many men have replaced cigarette smoking by snuff-taking. This pattern is particularly evident in men with a high level of education. Since snuff-taking involves a much lower risk for CHD than smoking does (10), this may have contributed to the decline in CHD incidence in men.
HEALTH TRANSITION
The changes in risk factor patterns and cardiovascular morbidity and mortality in Northern Sweden may be interpreted using the general framework of health transition (originally called epidemiological transition). This describes how populations undergo successive steps in their disease patterns (11) . Three major determinants of health transition have been described (12) : the demographic, the risk factor, and the therapeutic components.
When the results of the MONICA study are presented, the demographic factor is largely ignored because of an upper age limit and the fact that data are presented as age-adjusted. With the ageing of the population, chronic disorders that emerge late in life, including CHD and stroke, could well increase in total numbers, even if age-specific rates are declining. However, projections based on an age-cohort-period model indicate that the absolute number of people dying from myocardial infarction and stroke will decrease in Sweden in the coming years (13, 14) .
The risk factor component includes not only biological determinants of disease but also social, economic, and cultural factors that are responsible for, and propel, health transition (15) . Some lifestyle changes, such as decreased work-related physical activity, occur with economic development, whereas other changes, for instance changes in food and tobacco habits, are superimposed on it. Primary prevention strategies aim at influencing this component of health transition.
Within a geographically defined population, different subsets of the population may be in different phases of the health transition process. The MONICA data show that, in Sweden (as in most other rich countries), there is a marked social patterning of risk factor and event trends. In general, the improvement in risk factor patterns started earlier and has been most extensive among well-educated people. There has also been a sex difference in that women seem to have led the development towards a healthier food consumption pattern, whereas men have piloted the reduction in cigarette smoking, for which the social patterning is particularly striking. In Northern Sweden, the prevalence of smoking is now three times as high in loweducated women as in men with a university education (''Trends in lifestyle 1986 -99 in a 25-to 64-year-old population of the Northern Sweden MONICA Project'', this supplement).
The third, therapeutic component of health transition refers to the risk of dying once the disease has occurred (case fatality). This is to a large extent influenced by healthcare interventions, both acute management and secondary prevention. When all 37 MONICA populations are analysed together, the improved 28-day survival explains about a third of the decline in CHD mortality (1) . For Northern Sweden, this proportion is approximately 50% (1), perhaps reflecting the fact that the intensity of acute interventions in patients with AMI is among the highest of all MONICA centres (16) . A disturbing feature, however, is that men and women with AMI are managed somewhat differently in the acute phase, seemingly because of diagnostic difficulties in women (17) . In addition, a slightly higher proportion of men than women are discharged from hospital on pharmacological secondary prevention with solid scientific documentation (17) . To what extent there are sex differences in the availability and the adherence to nonpharmacological secondary prevention methods (such as smoking cessation and rehabilitation programmes) has not been monitored in the MONICA study.
HAVE INTERVENTION PROGRAMMES CONTRIBUTED TO CHANGE KNOWLEDGE AND ATTITUDES?
To categorize the development of CVD prevention programmes it has been suggested to look upon them as different generations or paradigms: the clinical generation based on clinical treatment of risk factors, the bio-epidemiological generation with large-scale programmes and a multi-factorial risk factor approach, and the socioepidemiological generation, also characterized by a multi-factorial approach, but small-scale, action-oriented and community-based (18) . Recently a fourth generation was added to the list: The policy and environmental generation characterized by inter-sectoral actions and policy analysis approaches (19) .
The early generations of community interventions have relied on a number of theoretical models of community-wide behaviour changes (20, 21) . These theories suggest how mediating processes initiated by the intervention can change knowledge, attitudes, and health-risk behaviours, each proceeding sequentially before any change in the desired health behaviour and health outcome. Based on the above theories, largescale efforts began in the early 1970s with programmes in North Karelia, Finland (22, 23) and in communities near Stanford, California (24, 25) . They provided early optimism for the efficacy of the approach. Shortly after, the Stanford Five City Project was initiated and joined by the Minnesota Heart Health Program and the Pawtucket Heart Health Program, all funded and coordinated by the National, Heart, Lung, and Blood Institute of the US (26 -29) . Many reviewers have later concluded that these large undertakings could not demonstrate that the interventions reduced risk factor levels (30) . Others have suggested that the expectations were inappropriately high (31) . The US National Heart, Lung, and Blood Institute sponsored a conference in Bethesda, Maryland in 1996 entitled ''Community Trials for Cardiopulmonary Health: Directions for Public Health Practice, Policy, and Research''. Findings and lessons learned from numerous prevention studies around the world were discussed and gaps in our knowledge and need for further population-based prevention research were identified (32) . A similar synthesis of the literature was performed in 1997 by the SBU of Sweden (33) as part of a debate about the support for community intervention programmes more widely. These reports recognized the contributions of the community interventions to social psychology and population behavioural research. At the same time, they recognized the lack of clear-cut efficacy for the community intervention approach, due to a variety of issues at the theoretical, interventional, and evaluation stages (20) . A frequently cited explanation is that strong, secular trends affected knowledge, attitudes, and behaviours (34) . The additional contribution of the community intervention, the ''preventive dose'', was therefore not large enough, or the evaluation was not sensitive enough, to detect any impact of the intervention. Nonetheless, the reports are cautiously optimistic that, despite mixed results, the general trend of the results is consistent with the ability of population-based interventions to succeed in shifting the population to a lower risk (35) .
There are thus many explanations why it has been difficult to show effects of community-based prevention programmes against cardiovascular disorders. For example, most of the programmes have focused on health education for the individual. It may well be that the effect of health policy actions (fourth generation) like legislation, taxation, and other price incentives, changes in food production etc. are much more powerful determinants of attitudinal and lifestyle changes than health education programmes (33) . Social changes concerning economic development, job conditions, unemployment, education etc., may also have greater influence on determinants of cardiovascular risk than population-based education programmes.
Proponents of community intervention programmes to prevent cardiovascular disease state that such programmes are highly contagious from intervention to neighbouring control areas in the trials (36) . This could perhaps help to explain why the development of cardiovascular risk factors and event rates has been very similar in the two counties participating in the Northern Sweden MONICA Project: Vä sterbotten with an ambitious county-wide prevention programme and Norrbotten without such a programme (Northern Sweden MONICA Project, unpublished data).
In a special issue of this journal we have suggested how we can learn more about these processes by comparing programme outcomes between countries.
In an attempt to dissect the so called ''black box'' of community interventions, we have described two rural CVD intervention programmes -one in northernmost Sweden and one in rural central New York state (18) . It has been suggested that intervention boundaries should be better specified, that the quality and quantity of intervention should be better estimated, that the mechanism by which changed behaviour is anticipated must be clarified and that the outcomes expected have to be specified and measured. We also conclude that the early versus late adopter concept may preferably be used when designing community interventions. Current quality and quantity of interventions is probably not sufficient to accelerate an already rapid secular trend in early-adopter societies. A local community approach among slow adopters, on the other hand, can draw on its social capital to mobilize for change. Both settings also served as demonstration projects and had access to surveillance data. They demonstrated that low-budget programmes can succeed if there is community interest and involvement. They both also reached the socially less privileged groups and suggest that a key issue for sustainable prevention is to actively involve both the healthcare sector and the healthcare providers (18) .
IMPLICATIONS FOR CARDIOVASCULAR PREVENTION AND TREATMENT
. The dramatic decline in CHD mortality, especially in men, illustrates what can be achieved by a combination of advances in primary prevention (resulting in lower incidence) and short-term and long-term management of people affected by the disease (improved survival). However, the failure to improve survival in women with AMI mandates efforts to improve diagnostic procedures and management of women who have suffered an AMI. The improvements in the organization of stroke services seem to have had an impact on survival not only for the individual patient but also at the population level. The development of stroke units should continue. . Unchanged stroke incidence rates are probably the result of unchanged population levels of blood pressure. If stroke rates are to be reduced, determined efforts to reduce blood pressure levels in the population are needed -reduced body weight, fewer high consumers of alcohol, reduced salt intake, higher consumption of fruits and vegetables, and better detection and management of hypertension. . The low smoking rates in men in Northern Sweden are encouraging. This has been achieved at the expense of increased snuff consumption. Although a tobacco-free society should be the aim, the net health benefits of the change from cigarettes to snuff are obvious. Societal changes and health policy actions are more likely to affect cardiovascular risk factors and event rates than more specific educational programmes. Smoke-free public environments constitute such an action. . There is a marked social patterning of cardiovascular diseases and their risk factors in Sweden. Preventive interventions targeted at people with a low level of education are needed. Local community-based prevention programmes, such as the Norsjö Project, may benefit all social classes and thereby counteract a widening social gap. We need to learn more about the social change processes in such slow-adopter societies and how community organizations and primary care providers can integrate.
The results of the Northern Sweden MONICA Project also raise a number of important questions that need to be addressed in future research. Some relate to the new questions emerging from the broad descriptive pattern displayed in this supplement, others to the fact that the original project builds on a cross-sectional design structure with its obvious limitations for causal interpretations.
. What are the forces driving the secular trends in knowledge, attitudes, lifestyle and risk factor mobility in the population and how should such knowledge be used in cardiovascular prevention?
To what extent does the improved level of education in the population contribute?
. Is there a time patterning, ''natural history'', of risk factor accumulation? Are there different risk factor patterns among static and dynamic attributes of the social dimension? . What is the validity of the conventional mass and high-risk strategy models for cardiovascular prevention? What are their strengths and weaknesses? Should more general programmes/policies be used to improve the health of a population rather than generic programmes directed towards cardiovascular diseases, cancer, osteoporosis etc.? . Public health interventions are directed towards social systems by trying to influence people's attitudes and actual behaviour. Despite the fact that social inequality prevails for most diseases, whether measured in terms of morbidity or mortality, whether based on self-reports or medical diagnoses, whether it occurs early or later in life, the social dimension is rarely included when assessing prevention. To what extent can new knowledge about communication, dissemination and implementation of new information and social learning be used in cardiovascular prevention? . In contrast with the randomized controlled trial, where the exposure is defined and often dichotomized, the exposures in a community intervention are multiple, consisting of many interacting parts and partners. It is important to understand which components work and which do not, why assessments must be based on processes as well as effects. . Is self-reported health a predictor of future cardiovascular mortality and risk factor load and can socioeconomic factors potentially modify these effects? How does self-reported health compete with biological risk factors in the later risk factor development and perceived health? To what extent does self-reported health modify the established risk factors for CVD mortality and morbidity? . How can the sex differences in diagnostic accuracy and clinical management of patients with AMI be overcome? . Can stroke rates be reduced by developing costeffective programmes to reduce population levels of blood pressure? . Studies of medical effects are insufficient to understand patterns of influence in the local community.
The criteria for success of preventive programmes must be better defined. Which measures of outcome are relevant for the various actors, politicians, the medical profession, and the people themselves? Can intermediate measures be used? Is self-reported health a relevant outcome variable? Measuring democratic, structural and social effects also calls for supplementing current quantitative epidemiology with qualitative methods.
